Transposable elements often accumulate in non-recombining regions, such as Y chromosomes. Contrary to this trend, a Silene retrotransposon described here, has spread recently all over the genome of plant Silene latifolia, except its Y chromosome. This coincided with the latest steps of sex chromosome evolution in this species.
Transposable elements (TEs) are ubiquitous in pro-and eukaryotic genomes.
Plant genomes appear to be particularly littered with various families of retrotransposons, the elements that transpose via an RNA intermediate. For example, more than 75% of the maize genome and large proportions of genomes of other crops are comprised of retrotransposons (MEYERS et al. 2001; SCHULMAN and KALENDAR 2005) .
The evolutionary dynamics of TEs is dominated by periods of active transposition (BERGMAN and BENSASSON 2007; BIEMONT et al. 1994; BINGHAM et al. 1982 ; NAITO et al. 2006; NUZHDIN et al. 1997; PETROV et al. 1995) , which may lead to dramatic expansion of copy number of the particular element and even to a significant increase in genome size (HAWKINS et al. 2008; NEUMANN et al. 2006) . For example, hybrid dysgenesis in Drosophila has been shown to be caused by activation of several TE families (BINGHAM et al. 1982; CHAMBEYRON and BUCHETON 2005; ENGELS 1997; LOZOVSKAYA et al. 1995; PETROV et al. 1995) . The periods of active transpositions are followed by periods of inactivity that may eventually lead to extinction of the particular transposable element.
Such 'boom and bust' cycles of TE activity may result from a combination of several factors. One reasonably well documented factor is invasion by a new TE of a species that previously lacked it (CLARK and KIDWELL 1997; DANIELS et al. 1990; DIAO et al. 2006; KIDWELL 1992; LOHE et al. 1995; SANCHEZ-GRACIA et al. 2005; SILVA and KIDWELL 2004) . Over 100 horizontal transfer events of TEs of various kinds have been reported for Drosophila alone (LORETO et al. 2008) . The mechanisms of TE horizontal transfer are not known, but at least for LTR retrotransposons it can be hypothesized that horizontal transfer occurs via the mechanisms similar to that of retroviral infections, as LTR retrotransposons are very closely related to retroviruses and are capable of forming virus-like particles (MIYAKE et al. 1987) .
We describe a relatively recent 'burst' of transposition activity of a new LTR retrotransposon in the plant Silene latifolia (Caryophyllaceae) and its close relatives.
One of the most interesting features of this species is the presence of sex chromosomes that determine whether the plant develops as a male with XY chromosomes or a female with XX sex chromosomes (WESTERGAARD 1958 (FILATOV 2005a) . This process occurred in at least three steps (BERGERO et al. 2007; NICOLAS et al. 2005) , resembling 'evolutionary strata' discovered on the human sex chromosomes (LAHN and PAGE 1999) . The X/Y silent divergence in the oldest 'stratum' on the S. latifolia sex chromosomes is only about 15-24% and the youngest 'stratum' shows only 2-4% divergence (BERGERO et al. 2007) . Assuming the substitution rate of 1.05x10 -8 per silent site per year (DEROSE-WILSON and GAUT 2007) , the age of the oldest part of the S. latifolia sex chromosomes might be about ten million years old and the youngest region may be as young as 2 million years.
However, this estimate is rough, as substitution (and mutation) rates may vary between genes and between species and the exact rate of molecular clock in S.
latifolia is not known. The S. latifolia X and Y still pair and recombine in male meiosis in a small pseudoautosomal region (PAR) [reviewed in (ARMSTRONG and FILATOV 2008) ].
Evolution of sex chromosomes is expected to lead to degeneration of Y-linked genes due to lack of recombination that slows down adaptive evolution (RICE 1987) and exacerbates the processes of genetic hitchhiking, background selection and
Muller's ratchet that lead to accumulation of deleterious mutations and gene loss [reviewed in (CHARLESWORTH 1991; CHARLESWORTH 2008) (Fig. 1a, 1b and S1 ). These clones were sequenced and blast-searched against nr NCBI database. This revealed similarity to various retrotransposons, with the closest match to the Vicia retrotransposon Ogre (Genbank accession AY936172).
One of these clones (clone 4.2), contained an open reading frame with a strong match to Ogre reverse transcriptase, and this clone was used for further analyses. FILATOV et al. 1998; PASYUKOVA et al. 1998) . In fact, TE expression and transposition can be very specific, depending on various factors such as stress (GRANDBASTIEN et al. 2005) or age ).
To test whether there is a difference in transcript abundance between the sexes we conducted PCR amplification of reverse transcribed total RNA from flower buds and leafs of S. latifolia males and females, but no amplification of the SlOgre1 sequence was observed in either sex. A fragment of SlssX/Y gene was successfully amplified from the same reverse transcribed RNA samples with primers Slss+1 and Slss-2 (FILATOV 2005b), which was used as a control for RNA and cDNA quality (data not shown). This is consistent with the view that SlOgre1 may not be active any more (see below). The negative result with RT PCR of testing for SlOgre1 expression does not necessarily mean that this element is completely inactive; it could still be expressed at a low level in some tissues. This has not been investigated further, as the activity/inactivity of the element is not the central question of this work and does not affect our conclusions.
To investigate the distribution of SlOgre1 in S. latifolia relatives we conducted FISH with clone 4.2 in three other dioecious Silene species that also belong to section Elisanthe, S. dioica, S. diclinis and S. marizii, as well as with non-dioecious S.
vulgaris. The distribution of FISH signal in the dioecious species is very similar to that in S. latifolia: the probe paints the autosomes and the X-chromosome, but leaves the majority of the Y chromosome 'unpainted' (Fig. 1c, 1d ). These species are very closely related and are likely to have separated within the last 1-2 million years, since nuclear DNA divergence at silent sites does not exceed 2% (IRONSIDE and FILATOV 2005; LAPORTE et al. 2005; MUIR and FILATOV 2007) . Therefore, this result is not entirely unexpected. On the other hand, there is no signal on S. vulgaris chromosomes (Fig 1e) , suggesting that SlOgre1 is not present in multiple copies in S. vulgaris.
Alternatively, the lack of FISH signal in S. vulgaris may be due to relatively high (~15% silent sites) divergence between S. latifolia and S.vulgaris (FILATOV and CHARLESWORTH 2002) that may have precluded effective in situ hybridisation.
However, relatively low divergence between the copies of the element (see below)
suggests that SlOgre1 started to actively transpose in S. latifolia and its relatives (or exchanged genes. Indeed, our multigenic study of DNA polymorphism and divergence between these two species has not provided any evidence for historical long-term gene flow (Muir, Harper and Filatov, in preparation) . Thus, lack of species clustering of the SlOgre1 copies is probably due to active transposition prior to speciation in Silene section Elisanthe rather than due to gene flow between these species.
The overall shape of the tree suggests that the retrotransposon has spread across the genome in a relatively short period of time and may not be active any more -the internal branches of the tree are quite short, while the external branches are relatively long, so the tree resembles a multi-rayed star. To estimate the age distribution of individual SlOgre1 copies we used the length of external branches for synonymous sites as a proxy for the age of individual retrotransposon copies. The distribution of branch length in all four species peaks around 4.5% (Fig. 3 ) and the distributions are not significantly different among the four species (Kolmogorov-Smirnov two sample tests, P > 0.14; also see Fig S4) .
Assuming a substitution rate of 1. while the order of genes on the human X chromosome corresponds to that expected from the evolutionary strata model, the order of the genes on the Y chromosome have been considerably altered (GRAVES 2006; LAHN and PAGE 1999) . According to our FISH mapping, the SlCypY gene, is located close to PAR of the Y chromosome (Fig   1f -1j) FIGURE 2. Neighbor-joining tree of SlOgre sequences from four closely related dioecious Silene species. The branch lengths reflect Jukes-Cantor (JUKES and CANTOR 1969) nucleotide distances between the sequences (all sites). PCR amplification was conducted with high fidelity PCR kit (Roche) under standard conditions (33 cycles of 94C 20sec, 54 30 sec and 72 2 min) using the following primers: frw: ACTTCTGAGGATTGAGCC and rev: TCTTCAAGCTCACCACTG. The PCR amplified copies were cloned using TA cloning kit (Invitrogen) and sequenced from both sides using the universal M13F and M13R primers in the plasmid. DNA sequence chromatograms were manually checked, corrected and assembled into contigs using ProSeq v3 software (FILATOV 2002) . All sequences were deposited into genbank under accession numbers XXXX-XXXX. The neighbourjoining phylogeny was created using MEGA4 (TAMURA et al. 2007 ).
FIGURE 3. Age distribution of SlOgre1 insertions. Frequency histogram of terminal branch length for synonymous sites (Nei-Gojobori distance (NEI and GOJOBORI 1986) with Jukes-Cantor correction (JUKES and CANTOR 1969) , calculated in MEGA4 (TAMURA et al. 2007)) in four closely related dioecious Silene species. The external branch lengths were manually typed into Microsoft Excel and the histogram of branch lengths was created using the 'histogram' option in the Data analysis pack of Excel2007. FIGURE S1 . Fluorescence in situ hybridisation of fosmid 2 subclones (green) with S. latifolia chromosomes counterstained with DAPI (blue). Regardless of which subclones are used, all chromosomes except the Y are labelled. Preparations of chromosomes were made from anthers, which provide metaphase chromosomes from the mitotic divisions of tapetal cells and meiotic stages from the pollen mother cells. The methods of Armstrong (ARMSTRONG and HULTEN 1998) for the fixation of anthers and slide preparation were followed with minor modifications.
SUPPLEMENTARY FIGURES
Anthers were fixed in 3:1 ethanol:glacial acetic acid and washed three times for 2 min in citrate buffer (10 mM, pH 4.5). Digestion in enzyme mixture was up to 100 min and cytohelicase was omitted. An anther was broken up in a small drop of water on the slide before the addition of 60% acetic acid and the 45 o treatment was reduced to between 5 and 10 sec. Fosmid 2 or sub-clones from this fosmid were either directly labelled with a fluorochrome-dUTP (Spectrum Green dUTP, Abbott Molecular Inc) or labelled with digoxigenin -11-dUTP (Roche) using a nick translation kit (Roche). SlCypY probe was generated by cloning a 5 kb long PCR product of SlCypY gene into pCR4-TOPO plasmid using TOPO-TA cloning kit (Invitrogen). The PCR product was amplified from DNA of S. latifolia male IL25H with long range PCR kit (Roche) and the following primers: SlCypY+1 CATGTTGTCGTCTCCTGTGC and SlCypY-2 GCCGCAGACTACAAAGCAAC. The plasmid with the SlCypY insert was labelled with digoxygenin-11-dUTP by nick translation (Roche). Fluorescence in situ hybridization was as described in (HOWELL et al. 2002) . Detection of digoxigeninlabeled probes was with anti-digoxigenin-fluorescein or -rhodamine (Roche). Slides were counterstained with DAPI (1 μg/ml) in Vectashield (Vector) and examined with a Nikon E600 fluorescence microscope. Images were captured and analyzed using an image analysis system (Digital Scientific). FIGURE S4. Phylogenetic age distribution of SlOgre1 insertions for four species separately. Frequency histogram of terminal branch length for synonymous sites (NeiGojobori distance (NEI and GOJOBORI 1986 ) with Jukes-Cantor correction (JUKES and CANTOR 1969) .
